Light environments can influence variation in plant morphology, development and susceptibility to herbivores. Our research interest was to investigate the patterns of herbivore damage and developmental stability in dioecious understory forb Mercurialis perennis in contrasting light habitats, located at 1700 m a.s.l. on Mt. Kopaonik. Male and female plants from two light habitats, open (a sun-exposed field) and shaded (a spruce forest) were examined with respect to: herbivore damage (percentage of leaf area loss), fluctuating asymetry (FA) as a measurement of developmental stability, plant morphological and, specifically, leaf size traits, as well as biochemical traits relating to nutritional quality and defence, taking into account the possible presence of intersexual differences. Our results show that herbivore damage was significantly higher in open habitat, as well as one out of four univariate FA indices and the multivariate index. Morphological and biochemical traits, apart from defensive compounds, had higher values in the shade, pointing to sun-exposed habitat being more stressful for this species. Intersexual differences were observed for foliar damage, defensive compounds (phenolics and tannins), all leaf size traits, total leaf area, and protein content. Contrasting light habitats affected most of the analysed traits. Both foliar damage and FA were higher in a more stressful habitat; within habitats, no positive correlations were found. Herbivore damage was significantly male biased in open habitat. The analysis of intersexual differences in developmental stability measured by leaf asymmetry levels provided no evidence that female plants were more sensitive to environmental stress.
Introduction
During their lifetime, plants experience many abiotic and biotic environmental stress factors, which directly influence developmental stability and morphology (Elemans 2004) . Environmental variation can be translated into intraspecific variation in morphological traits, as well as the production of secondary metabolites, physical resistance and nutritive value, conferring susceptibility to herbivores (Hakes and Cronin 2012) . Under the pressure of herbivore attacks, plants have evolved numerous morphological and chemical defences in attempt to reduce the extent of damage (Johnson 2011) .
Light, as one of key environmental factors, can modify the outcome of plant-herbivore interactions (Valladares et al. 2016) . Light differential herbivory has been recorded on numerous occasions (e.g., Moura et al. 2017) . Plants suffered higher damage at sun-exposed habitats (SalgadoLuarte and Gianoli 2010, 2012; Takafumi et al. 2010) or, inversely, in the shade (Niesenbaum and Kluger 2006; Muth et al. 2008) . Explanations of observed folivory patterns include the differential effects of light availability on plant traits. Leaves produced in the shade are thinner, softer, with higher nitrogen and water content; therefore, they are expected to be more attractive to herbivores than leaves exposed to full sunlight (Roberts and Paul 2006; Valladares and Niinemets 2008) . Additionally, plants in shaded habitats are expected to have lower production of carbon-based secondary metabolites and, consequently, lower levels of chemical defence (Roberts and Paul 2006; Barbehenn and Constable 2011) .
One of the key research topics in the field of plant evolutionary ecology is the influence of suboptimal environmental conditions (i.e., stress) on developmental stability (Palmer and Strobeck 2003) . Developmental stability reflects the ability of individual organisms to maintain the phenotype constant under different environmental conditions. Stress activates mechanisms of developmental stability to produce the optimal phenotype, alleviating the consequences of random deviations during the development of the organism. Contrary to this, developmental instability represents the inability of organisms to control developmental processes and amortize random fluctuations (Nijhout and Davidowitz 2003; Graham et al. 2010) .
The way to determine levels of developmental instability under environmental stress is to estimate fluctuating asymmetry (Miljković 2012; Telhado et al. 2017) . Fluctuating asymmetry (FA) is defined as small, random deviations from perfect symmetry in bilateral characters, such as leaves (Møller and Shykoff 1999; Palmer and Strobeck 2003) . Increased FA is usually considered a signal of organisms' inability to buffer different types of stress originating from environmental and biotic factors. Suboptimal habitat light conditions can also act as stress factor; for example, in shade-tolerant plant species, high light intensities can have a detrimental effect.
The relation between herbivory and developmental stability is an important issue, and FA can be used to analyze it. FA is often considered to be an indicator of stress (since stressed plants tend to attract herbivores) or can represent the consequence of herbivory (when herbivores induce asymmetry) (Alves-Silva and Del-Claro 2016). Higher FA values could indicate higher leaf-nutritive value and lower levels of chemical defense (Lempa et al. 2000) so herbivores may use departures from perfect symmetry as a sign that a plant represents better quality food (Cornelissen and Stiling 2005a) . Alternatively, herbivores themselves can act as a stress factor during leaf development and cause higher levels of FA (Zvereva et al. 1997; Santos et al. 2013) . Thus, positive correlations between FA and herbivory are expected. Cornelissen and Stiling (2005a) have found that more asymmetric leaves sustain higher levels of damage. While some studies also found positive FA-herbivory relations (e.g., CuevasReyes et al. 2011) , others found the opposite (Bañuelos et al. 2004; Telhado et al. 2010) .
Assuming that FA is an indicator of sustained stress (Graham et al. 2010) and that stressed plants are more attractive to herbivores (Cornelissen and Stiling 2005a) , plants with higher FA levels should, logically, face higher herbivore pressure (Lempa et al. 2000) . Therefore, we expected that shade-adapted plants, such as Mercuriallis perennis, in sunexposed habitats would have higher FA values, and hence experience more damage.
In dioecious species, plant sex is another factor possibly influencing size, defence levels and the ability to buffer environmental stress, all of which can have an impact on the ultimate result of plant-herbivore interactions (Obeso 2002; Harris and Pannell 2008) . Sexual dimorphism in morphological and biochemical traits can result in sex-biased herbivory, with male bias being suggested as a rule (Cornelissen and Stilling 2005b) . Male and female plants were reported to differ in secondary biochemical defense traits (Malonado-Lopez et al. 2014) , aspects of foliar nutritional quality (Cornelissen and Stilling 2005b) and size (Barrett and Hough 2013) , all of which can influence susceptibility to herbivores.
Females and males draw different amounts of resources and different metabolic currencies into reproduction, growth and defense (Harris and Pannell 2008) . The high energydemanding process of reproduction in females is usually traded off by lower vegetative growth accompanied by higher defense levels (Barrett and Hough 2013) . Nevertheless, females appear to be more sensitive and perform worse compared to males when exposed to abiotic stresses, such as water or nutrient deficiency [reviewed in Juvany and Munné-Bosch (2015) ]. If so, one would expect that FA, as the measurement of inability to control for environmental disturbances during development, would be higher in females.
Over the past decades, much research has been devoted to exploring asymmetry levels in plant modules [reviewed in Graham et al. (2010) , Klingenberg (2015) ], and the influence of various stressors, such as light availability, on FA Nikiforou and Manetas 2017) . However, studies rarely included plant sex as a factor contributing to the observed patterns of developmental instability in dioecious species, even less seldom in combination with herbivory. Thus, the aims of this study were to explore and compare relations between developmental stability, herbivore damage, morphological and biochemical traits in dioecious forb Mercurialis perennis between two contrasting light habitats, and to explore sexual dimorphism in the analysed traits.
Materials and methods

Study species and contrasting light habitats
The wind-pollinated dioecious geophyte M. perennis is a common member of the ground flora of Euro-Caucasian temperate forests. The leaves are simple, elliptic, with serrated edge. Different habitat conditions can alter foliage shape, dentation and pendunculus length. However, the main factor affecting leaf structure and morphology is light; sunexposed leaves are elongated, tougher and thicker (Jefferson 2008) . This perennial preferentially colonizes ancient woodlands, and is rarely associated with disturbed habitats (Vandepitte et al. 2010; Vujić et al. 2016) . It typically grows in dense patches in the deep shade of beech and oak forests and rarely occurs in completely open sites. High light fluxes were found to cause reductions in shoot height and leaf area (Elemans 2004) .
The study was conducted on Mt. Kopaonik (Serbia) samples that were taken from adjacent habitats located at 1700 m a.s.l. (N 43°18′42″ E 20°50′32″) 
Sample collection and measurements
The field study included 120 individuals, 30 males and 30 females per habitat. All plants were collected on the same day in mid-June 2016. We collected shoots at random from distinct individual clones, visually distinguishable and separated more than 50 cm [based on our previous field observations and the estimates given in Vandepitte et al. (2009) , and also occasionally checked by performing excavations]. In case of neighbouring clones, only plants of opposite sexes were collected. Immediately after sampling, cut stems were submerged in water. After being fully rehydrated, plant height (H) was measured; leaves were separated from the stem and placed in a flatbed scanner, in the same order as they had been arranged on the shoot, with the abaxial side facing the glass (Fig. 1a) . After scanning, leaves were dried for 48 h at 65 °C, grounded in liquid nitrogen and underwent further biochemical analysis. The first pair of fully expanded leaves was weighed fresh, reweighed after drying and used to calculate specific leaf area (SLA).
Total leaf area (TLA), leaf blade surface area (BSA), leaf area consumed (LAC) and fluctuating asymmetry (FA) were determined using leaf scans processed in ImageJ (Abràmoff et al. 2004 ). All scans were calibrated to the nearest 0.01 mm before measurements were taken, and the software resolution did not allow for measurement error greater than 1%. Leaf area consumed by herbivores (LAC) was calculated for each leaf as follows: (removed leaf area/total leaf area) × 100, and averaged out per plant.
Fluctuating asymmetry analyses
For two leaves of the same node we calculated fluctuating asymmetry (matching symmetry as a type of symmetry; see axes on Fig. 1b) (Klingenberg et al. 2002) . Four leaf traits were measured: petiole length (PL), midvein length (MVL), leaf blade width (BW) and leaf blade surface area (BSA) of both left and right leaf, designated as PL L , MVL L , BW L , BSA L and PL R , MVL R , BW R , BSA R , respectively (Fig. 1b) .
To ensure uniform measurements, we placed a reference grid, using the landmarks on the top and base of each leaf. The grid, made in MakeFan program of IMP package (Sheets 2003) , consisted of eight evenly spaced lines ("comb" structure). Leaf width was always measured along the fourth line of the grid counting from the leaf base up (Fig. 1b) . Absolute asymmetry was calculated as the unsigned difference between signed left-and right-side values of the trait. To correct the fact that asymmetry may be size dependent , and references therein), we calculated size-scaled FA index for each trait
where R j and L j represent the measurements of right-and left-side values of leaf trait j. Examining simultaneously FA in multiple traits can increase the probability of detecting the effects of stress on FA (Leung et al. 2000) . As a multivariate measure of FA, we employed multivariate index FA IND , which represents asymmetry on individual level, i.e., mean deviation from symmetry of all examined traits (Palmer and Strobeck 2003) .
It was calculated as Σ|ln(R j )−ln(L j )|/T (T is number of traits per individual).
To explore repeatability of measurements, a total of 480 leaves from 80 randomly selected individuals were remeasured by the same researcher (SS), without reference to previous measurements. Two sets of measurements were considered as replicates; ANOVA with individual as a factor and repeated measurement of R−L nested in individual was performed to estimate repeatability following the equation: ME4 = (MS IND − MS ERR ) MS IND + (n − 1) MS ERR (ME4-repeatability; MS IND -variation among individuals; MS ERR -variation within individuals). To explore the potential presence of directional asymmetry, two-way mixed model ANOVA with main effects side (as fixed factor) and the individual (as random factor), and their interaction (side × individual) was employed (Palmer and Strobeck 2003) .
Biochemical analyses
Approximately 50 mg of grounded sample was extracted over 12 h at room temperature using 80% acetone and 1% acetic acid solution. The extracts were used to evaluate total soluble protein content (TSPC) in leaves according to Bradford (1976) , with bovine serum albumin as a standard. Absorbance was measured at λ = 280 nm using Ultrospec 3200 pro GE, Helthcare spectrophotometer. Following the method of Singleton and Rossi (1965) , acetone extracts were incubated with Folin-Ciocalteu reagent and 20% Na 2 CO 3 at room temperature for 2 h. The absorbance was measured at λ = 765 nm to estimate total phenolic content (TPhC). Finally, we conducted a colorimetrical method modified by Xu and Chang (2007) to measure total condensed tannin content (TCT). Sample acetone extracts were incubated with 4% vanilin solution and concentrated HCl for 2 h at room temperature, followed by absorption reading at λ = 500 nm.
Statistical analyses
Statistical analyses were performed in SAS Statistical package (SAS Institute, Inc. 2011). For descriptive statistics, tests of normality, mean value differences and a posteriori comparisons, we performed SAS procedures MEANS, UNIVARIATE, and TTEST. Data were transformed where necessary, using the transformation log (TLA, SLA, TCT, PL, MVL and BSA), arcsine square root (LAC and LWC) and square root (H and TSPC). To explore the effects of habitat and sex on herbivory levels and plant traits, two-factorial ANOVAs with habitat and sex as fixed factors were performed, while for the effects on leaf FA and leaf size traits, the additional factor was individual (nested in sex and habitat) as random factor. The analyses were performed using SAS GLM procedure. CORR procedure was used to analyse correlation patterns between the analysed traits of female and male plants in open and shaded habitat. 
Results
Plant traits and foliar damage
The effect of habitat was significant for all analysed plant traits except phenolic and tannin contents (Table 1) . Plants from the open habitat were smaller, and had lower values of TLA, SLA, LWC and TSPC, while the values of TPhC, as well as TCT, were similar in both habitats (Fig. 2) .
Prominent differences in foliar damage were found between habitats (Table 1) . Individuals from open habitat suffered greater damage, i.e., higher percent of leaf area loss (P < 0.001, Fig. 2 ). Although the degree of damage at individual leaf level was rather low, rarely exceeding 10%, it was nevertheless approximately 5.2 times higher in open than in shaded habitat (open: mean 3.03%, range 0.02-10.68%; shaded: mean 0.58%, range: 0-5.26%).
The effect of habitat was also significant for all leaf-size traits: PL, MVL, BW and BSA (Table 2) , with plants in the shade consistently exhibiting higher trait values (Fig. 3) . We also observed high levels of intraindividual variation in all measured leaf traits (Table 2 , effect of individual nested in sex and habitat, P < 0.001 in all cases).
Plant sex had a significant effect on TLA, TSPC, TPhC and TCT (Table 1 ). The intersexual differences in TLA and TSPC were significant in the shade, with females exhibiting higher values (Fig. 2) . In the case of TPhC and TCT, the effect of sex was significant in both habitats, with consistently higher trait values in females (Fig. 2) . Male and female plants also showed significant differences in four leaf-size traits (Table 2) : females had wider leaves with longer midveins and greater blade surface areas; exceptionally, petioles were significantly shorter in females from the open habitat only (Fig. 3) .
Intersexual differences in herbivore damage were significant in the open habitat, where males suffered greater leaf area loss. In shaded habitat, LAC values were low and did not differ significantly; habitat × sex interaction was significant (Table 1; Fig. 2) .
Fluctuating asymmetry
The analysis of the remeasured dataset confirmed that two sets of measurements were not statistically different (all P > 0.05). The repeatability measure (ME4) for all traits ranged from 0.494 to 0.646 (data not presented). Nonsignificant effect of factor side in two factors ANOVA showed the absence of directional asymmetry.
The effect of habitat was significant for two indices, FA PL and FA IND with higher values exhibited in the sun-exposed habitat. We recorded significant effect of plant sex only for FA MVL , which had lower values in females (Table 3 ; Fig. 4 ).
Correlation patterns
In the shaded habitat, the number of statistically significant correlations, as well as their magnitude, was higher compared to the open habitat for both sexes (Fig. 5) . The level of herbivore damage was not significantly correlated with the majority of FA indices, the only exception being negative correlation with FA BSA in males from the open habitat. With regard to other traits, LAC was negatively correlated with specific leaf area in both habitats and with water content in shade, but only for females. No significant relationship was detected between LAC and plant size, Table 1 Results of ANOVA testing for two-level effects of habitat, sex and their interaction on Mercurialis perennis traits: H (plant height), TLA (total leaf area), SLA (specific leaf area), LWC (leaf water content), TSPC (total soluble protein content), TPhC (total phenolic content), TCT (total condensed tannin content) and LAC (leaf area consumed) ** P < 0.01, *** P < 0. 
Discussion
Contrasting light habitats
Plant habitus, physical and biochemical traits, as well as leaf size and shape are dictated by physiological demands and developmental constraints, all of which are under the strong influence of environmental conditions (CuevasReyes et al. 2011). The light regime has been detected as one of the key factors shaping plant structural and functional responses to folivory (Salgado-Luarte and Gianoli 2012). Contrasting light habitats affected analysed plant and leaf traits in M. perennis, except for defensive compounds. Plants from the sun-exposed habitat were smaller, with smaller and narrower leaves. This points to an overall negative effect of high light fluxes on this species, a result in accordance with previous findings (Elemans 2004; Jefferson 2008) . In addition, shade-adapted species (such as M. perennis), carpeting woodland understory, usually have canopies comprised of thinner, softer leaves, richer in water and nitrogen, compared to plants exposed to full sunlight (Barbehenn and Constable 2011) . The longer petioles in shaded habitat observed in this study can be explained by the previous finding that, in shadetolerant herbs, this trait is results of selective pressure, likely to reduce the effects of competition for light (Weijschedé et al. 2006) .
Although plants in shade had, as expected, softer leaves with higher SLA values, water and protein contents, the extent of herbivore damage was greater (approx. 5.2 times) in plants from the open habitat. This difference was highly significant. Environmental conditions can alter the outcome of plant-herbivore interactions, ultimately leading to differential herbivore pressures (Hakes and Cronin 2012) . Our findings of shade-tolerant forb M. perennis being more damaged in the sun-exposed habitat are in line with recent results on other understory species (Takafumi et al. 2010; Salgado-Luarte and Gianoli 2012; Suárez-Piña et al. 2016) . Plant size did not prove to be a significant factor in susceptibility to herbivores; within habitat correlations showed that height and TLA were positively mutually correlated, but not with LAC. Although for M. perennis the sun-exposed habitat was found to be more stressful compared to deep shade, and LAC was higher in the open field, we found no evidence that greater damage was the consequence of stressed plants being a more attractive food source. In fact, sun-exposed plants had a lower mean level of soluble proteins. Still, we detected no significant correlations between LAC and TSPC, a finding consistent with the conclusion of meta-analysis by Huberty and Denno (2004) that stress-induced changes in foliar nitrogen content did not affect feeding preference of chewing insects. Leaf area loss was also not significantly correlated with analysed defensive compounds; contrary to expectations, TPhC and TCT did not differ between the habitats. However, it should be kept in mind that other compounds, such as alkaloids, can also have a defensive role (e.g., Sanches-Vilas and Pannell 2011). One of the possible explanations for the observed pattern of herbivory variation is that the excess damage to sun-exposed leaves could be attributed to the higher compensatory consumption of a lower quality food source, as pointed out in some other cases (Cornelissen and Stiling 2005b; Lusk et al. 2010) . It should be noted, however, that the observed differences in analysed traits between contrasting light habitats might also be partly due to other factors, abiotic and biotic, that were not specifically investigated in this research, such as soil characteristics, folivore abundance or indirect effects mediated by plant neighbours (e.g., Castagneyrol et al. 2013 ).
Fluctuating asymmetry
Although the effects of light intensity on plant traits represent fairly explored topic, until recently less research effort had been made in investigating and discerning the influence of light on fluctuating asymmetry (Miljković 2012; Venâncio et al. 2016; Moura et al. 2017) . In light-demanding species, such as Quercus pyrenaica, low-light conditions can lead to increased leaf developmental instability (Puerta-Piñero et al. 2008) . Furthermore, experimental covering of Cucurbita pepo leaves resulted in higher leaf FA values (Freeman et al. 2003) .
In our study, developmental stability was mildly affected by light environment-one univariate FA index (FA PL ), as well as the multivariate index, had higher values for the open habitat. Assuming that elevated levels of environmental stress lead to higher FA values (Graham et al. 2010) , this indicates that for M. perennis as a shade-adapted species, an open habitat is more stressful. However, this effect was not very strong.
Several studies have found that the effects of stress on FA levels can be weak. For example, in a recent study of Sandner and Matthies (2017) , which included experimental manipulation of light intensity and measurement of FA in Silene vulgaris leaves, FA generally was not higher under elevated stress levels. Venâncio et al. (2016) pointed out that the natural history of the species in question (i.e., whether it is light demanding or shade tolerant) should be considered when using FA values as a proxy for determining levels of stress imposed by habitat light conditions and setting a sustainable hypothesis on the FA stress relations.
Since M. perennis is a typical understory perennial, overall FA as an indicator of light-induced environmental stress levels was lower than expected. It has been suggested that the weak effect of stress on FA levels, or lack of it (Costa et al. 2013; Wadhwa et al. 2017) , could be explained by adaptation to long-term exposure to certain stress factors (Anne et al. 1998) . In plants, apart from adaptation, plastic responses (especially in leaf shape) may affect the relationship between developmental instability and FA (Palmer and Strobeck 2003) . In addition, Freeman et al. (2003) proposed that, according to the type of growth, it is possible for FA levels to decrease in mature leaves.
Recently, a fairly large body of literature on the relationship between FA and herbivory has accumulated. Numerous experimental and field studies have found a positive relationship between the two phenomena (Cuevas-Reyes et al. 2011 Cornelissen and Stiling 2011; Ribeiro et al. 2013; Santos et al. 2013; Fernandes et al. 2016) , while others detected no significant relationship (Auslander et al. 2003; Bañuelos et al. 2004; Hagen et al. 2008; Telhado et al. 2010; Costa et al. 2013 ).
In our study, both herbivore damage (expressed through LAC) and developmental instability (expressed through FA) were higher in the more stressful open habitat, although the overall FA level was lower than expected. Within habitats, leaf damage and FA were not significantly correlated, except for one negative correlation in males from the open habitat, indicating that herbivores did not use FA as an adequate indicator of the overall host plant state. It has been noticed that a positive FA-herbivory relationship is more commonly found in model systems in which host plant and herbivores have a very tight connection, such as in the case of leaf gall formers and miners (Cornelissen and Stiling 2011) .
It was proposed that stressed plants exhibiting more asymmetric leaves have higher amounts of available nitrogen combined with lower levels of defensive compounds (Lempa et al. 2000) . However, it is possible that certain herbivore guilds may not use FA as an indicator of plant state [review by Cornelissen et al. (2008) ]. We found no significant relations between asymmetry and aspects of plant nutritive value or defensive compounds (phenolics and tannins). Similarly, Bañuelos et al. (2004) found no relationship between leaf FA and content of defensive compound anthraquinone in Rhamnus alpinus. Therefore, we conclude that in M. perennis, leaf FA could not be used by herbivores as a reliable indicator of levels of plant defense or nutritive value, i.e., as a proxy for finding suitable host plants.
The effects of plant sex
One of the aims of this study was to estimate intersexual differences in analysed traits. In all traits that exhibited significant sexual dimorphism, it was female-biased, except for male-biased sexual dimorphism in LAC and PL in the open habitat. In dioecious plants, sexual dimorphism in size 1 3 can be manifested, as a consequence of trade-offs between growth, reproduction and defence (Cornelissen and Stiling 2005b) . In our study, plant height exhibited no significant sexual dimorphism; this is in line with previous findings in this species that sexual dimorphism in height decreased with increasing altitude (Cvetković and Jovanović 2007) . It has been noticed that in more stressful habitats, intersexual differences in vegetative allocation might tend to decrease; a trend previously described in sexual dimorphism patterns relating to altitude (Sakai et al. 2006 ) and light availability (Labouche and Pannell 2016) . However, three leaf size traits (MVL, BW and BSA), as well as TLA were greater in females (though the difference in TLA was significant in shade only). Female plants that allocate more to reproductive structures tend to invest more into resource acquisition structures (Malonado-Lopez et al. 2014 ) such as leaves, especially under low-light conditions.
Females also exhibited higher TSPC values; sexual dimorphism was significant in shade. Within plant source-sink translocations with respect to timing of reproduction (Wright and Dorken 2014) can explain differences in protein levels. During flowering, males allocate significant amounts of nitrogen from leaves to producing pollen (Harris and Pannell 2008) . Since the plants were sampled in reproductive stage, males had, as expected, lower TSPC; this is in accordance with previous findings on congeneric M. annua (Harris and Pannell 2008; Sánchez-Vilas and Pannell 2011) .
In dioecious species, the morph-bearing female function is usually considered better defended (Obeso 2002) . Our results underpin this claim, since we found females in both habitats having higher values of defensive compounds TPhC and TCT; similar results were previously recorded in other species (Cepeda-Cornejo and Dirzo 2010; Zhang et al. 2016) . Sexual dimorphism in morphological and biochemical traits can result in sex-differential herbivory, male bias being suggested as a rule (Cornelissen and Stilling 2005b) . Sexes can differ in aspects of leaf nutritional quality (Cornelissen and Stilling 2005b), secondary biochemical defence traits (Malonado-Lopez et al. 2014 ) and size (Barrett and Hough 2013) , all of which may be associated with susceptibility to herbivores.
Over the years, studies on this problem have grown in number, reporting male bias in herbivore damage (Cornelissen and Stilling 2005b), female bias (Maldonado-López et al. 2014) or no bias at all (Espírito-Santo et al. 2012; Buckley and Avila-Sakar 2013) . Here, we found evidence of sex-biased herbivory in the open habitat, where males experienced higher leaf damage. This finding can be interpreted in terms of females being a better defended sex due to higher contents of secondary defensive compounds, phenolics and tannins. Sex-biased herbivory in shade was not found, possibly because overall levels of damage were very low (mean 0.58%).
Few studies so far have simultaneously tackled the problems of possible effects of plant sex on developmental stability and herbivore damage. Bañuelos et al. (2004) , working on dioecious Rhamnus alpinus, did not find any relationship between the degree of asymmetry and sex or herbivore loads. In contrast, the results of Inbar and Kark (2007) on Pistacia atlantica across the environmental gradient show evidence of lower levels of FA in females, and thus greater developmental stability. In our study, sexual dimorphism in developmental stability was detected only for index FA MVL which had higher values in males. Thus, there was no evidence that female plants are more sensitive to environmental stress as measured by FA leves. FA indices for BW, MVL and BSA were strongly positively correlated in both habitats and sexes, and could indicate that path of development of these traits is not influenced by light environment or sex.
We found differential patterns of herbivore damage with respect to light habitat and sex in the field study on understory forb M. perennis. Contrasting light habitats affected most of the analysed traits. Leaf damage was significantly higher in the open habitat, as well as one univariate and the multivariate FA index. All analysed morphological and biochemical traits, except for phenolics and tannin contents, had significantly higher values in shade. The obtained results point to sun-exposed habitats being more stressful for this species. Since there was no evidence that greater damage was the consequence of stressed plants being more attractive food source, the observed pattern could be explained by higher compensatory consumption of a lower quality food source. Both leaf area loss and developmental instability were higher in the more stressful open habitat, although the phenolic and tannin contents did not differ, and the overall FA was lower than expected. Within habitats, foliar damage was not positively correlated with FA. We found evidence of male-biased herbivory in the open habitat; male plants also had lower contents of analysed defensive compounds. Sex-biased herbivory in the shade was not found, probably because the overall level of damage was very low. Intersexual differences were also observed for leaf size traits and protein content. Sexual dimorphism analyses provided no evidence that female plants are more sensitive to environmental stress as measured by FA levels.
